Background: The aims of this study were to analyze the periodontal conditions
This relationship was further affirmed in research related to treatment for periodontitis. Previous investigators have found smoking to adversely affect outcomes of pocket depth post-periodontal therapy and long-term prognosis. [6] [7] [8] [9] Very little information is available on the periodontal status of patients after smoking cessation. Tomar and Asma 10 indicated that it took 11 years for former smokers to achieve the same odds of having periodontitis as never smokers. However, if enough time has elapsed after cessation, former smokers may have a similar response to therapy as is seen in never smokers. Other risk factors for periodontitis to consider when studying the relationship between smoking and periodontitis include chronic diseases such as diabetes mellitus 11, 12 and obesity, as well as non-modifiable risk factors, including age, race, and sex. 13 Moreover, socioeconomic status, measured by income level and education, is a risk factor for periodontitis. 14 The oral health examination section of the National Health and Nutrition Examination Survey (NHANES), a US health surveillance effort led by the Centers for Disease Control and Prevention (CDC), 15 includes three components: 1) the dentition exam, including data on tooth count, dental caries, dental sealants, and fluorosis; 2) the periodontal exam, including data on periodontal pockets, recession, and loss of attachment; and 3) "referral", which documents findings, dental care recommendations, and miscellaneous. 15 Data from the periodontal examinations are analyzed with an algorithm to classify participants by their periodontal status. 16 Although the NHANES data have been used to study the association between time since cessation of smoking and an improved periodontal condition, current literature reflects estimates limited to earlier, single survey data sets.
The aims of this present analysis of a combined data set from the 2009 to 2010 and 2011 to 2012 NHANES surveys were to: 1) characterize the periodontal condition among never smokers, former smokers, and current smokers, and 2) provide updated estimates for the association between time since quitting smoking and the periodontal condition among former smokers. The updated results from this analysis have the potential to signal an important directional shift in conceptualizing the provision of smoking cessation services as a first-line intervention for periodontitis.
MATERIALS AND METHODS

Study sample
Datasets from 2009 to 2010 and 2011 to 2012 NHANES required for the analysis were downloaded from the NHANES web site and combined using software * . 15 procedures for weighting multiple years of NHANES data (4 years) were employed for this study. 17 Respondents included in the analysis were aged ≥18 years, had undergone a complete NHANES Oral Health -Periodontal Exam with all measurements recorded as required for the periodontal classification algorithm, and had complete data from the NHANES Smoking -Cigarette Use questionnaire.
Classification of former smokers
Two classifications of smokers were created: former smokers, meaning an individual who has ceased smoking, and current smokers, who report smoking currently. In NHANES, smoking behavior is measured in several questionnaires; for the present analysis, variables from the Smoking -Cigarette Use questionnaire were used, where respondents are asked if they have smoked 100 cigarettes in their lives. If the respondent answered "no," s/he was classified as a never smoker. Those classified as never smoker were included in the descriptive analysis, but not the regression analysis. If the respondent answered "yes," the respondent was further subclassified by an additional question, which asks if the respondent is a current smoker. If the respondent answered that s/he has smoked >100 cigarettes in his/her life and also stated that s/he was not a current smoker, s/he was classified as former smoker. If the respondent answered "yes" to both questions, s/he was classified as a current smoker.
Classification of exposure
For former smokers, time since quitting smoking was first converted from days, weeks, months, and years into the variable "days since cessation," which was used as the exposure in the regression analysis. Secondly, time since quitting smoking was classified as <10 years, between 10 and 20 years, between 20 and 30 years, and >30 years.
Periodontal classification
The NHANES 2009 to 2012 Oral Health -Periodontal Exam protocol included measuring six sites on each tooth for a maximum of up to 28 teeth. Two sets of clinical periodontal measurements were included: clinical attachment loss (AL) and probing depth (PD). 17 The researchers applied the CDC/AAP classification/case definition to define 'periodontitis' in the present study. Severe periodontitis is defined in the algorithm as the presence of ≥2 interproximal sites with ≥6 mm clinical AL (not on the same tooth) and ≥1 interproximal site(s) with ≥5 mm PD. Participants classified as having moderate periodontitis were not classified as severe, and needed to have ≥2 interproximal sites with ≥4 mm clinical AL (not on the same tooth) or have ≥2 interproximal sites with PD ≥5 mm, also not on the same tooth. Respondents classified as having mild periodontitis did not fall in the preceding two groups and had ≥2 interproximal sites with ≥3 mm clinical AL and ≥2 interproximal sites with ≥4 mm PD (not on the same tooth) or one site with ≥5 mm PD. Participants who did not fall into any of these periodontitis categories was considered as being negative for periodontitis. An additional categorization of "any periodontitis" included all patients classified as mild, moderate, or severe periodontitis. 16 
Classification of confounders
Potential confounders in the relationship between smoking and periodontitis were selected for inclusion into multivariable models. Previous investigators identified age, sex, race, marital status, annual family income, and education level. 10, 18 Confounders were classified in a manner consistent with previous NHANES publications. 10, 12, [18] [19] [20] Age (in years) was used as a continuous variable. Sex was classified as male or female or refused. Race in NHANES is a calculated variable that classifies Mexican Americans, Hispanics (who are not Mexican Americans), non-Hispanic whites, non-Hispanic blacks, and non-Hispanic Asians, as well as other races. This variable was collapsed into the following five categories: non-Hispanic white, non-Hispanic black, non-Hispanic Asian, Hispanic (including Mexican Americans), and other race. 10, 18 Marital status was categorized as follows: Currently married (including living with partner), formerly married (including widowed, divorced, and separated), and never married. Poverty level was classified into four categories using an algorithm as described previously: <100% federal poverty level (FPL), 100% to 199% FPL, 200% to 499% FPL, ≥400% FPL. 21 Education level was collapsed into four categories: Less than high school graduate, high school graduate, high school graduate with some college, and college graduate and above. 10 From the alcohol consumption questionnaire, ever drinkers were classified separately from never drinkers. Ever drinkers were further classified into current drinkers (drinking habit per days or weeks) versus social drinkers (drinking habit per months or years). Diabetes status was obtained from the diabetes self-report questionnaire which captures if participants had been told by a physician that they had diabetes. 12, 19 Respondents reported their general health on the Current Health Self-Report Questionnaire as excellent, very good, good, fair, or poor. 20
Statistical analysis
The analysis used a weighted descriptive approach to characterize the periodontal condition across three smoking conditions. Prevalence of periodontal condition by smoking status was calculated. Prevalence of the confounders was computed for the entire sample and the new periodontitis status variable. Bivariate associations were evaluated using Chi-square statistics.
To determine if there is an association between time since quitting smoking and the periodontal condition among former smokers, a weighted logistic regression model was used, as this is commonly applied to NHANES data. 20, 22 The data set was first reduced to former smokers only. A crude unconditional logistic regression model was developed with the outcome of periodontitis status (yes/no) and the exposure of time since quitting smoking (unadjusted model). A second logistic model was computed with the same outcome and exposure, but also including the confounders of age and sex. Finally, a fully adjusted model was fit using statistically significant variables from bivariate analyses and Hosmer and Lemeshow goodness-of-fit was checked.
RESULTS
After applying inclusion and exclusion criteria, 7,088 records remained in the data set and were included in the analysis to characterize the periodontal condition among never smokers, former smokers, and current smokers ( Figure 1 ). A total of 1,767 records met the criteria for analysis to determine their association between time since quitting smoking and the periodontal condition among former smokers.
Descriptive analysis
The results of the analysis to characterize the periodontal condition among never smokers, former smokers, and current smokers, are presented in Table 1 , which includes the prevalence of non-smoking status, former smoking status, and current smoking status relative to periodontal disease classification. To assess bivariate associations between smoking status and periodontal status, a Chi-square test was computed. Smoking status was significantly associated with periodontitis status in bivariate analysis (Chi-square, P < 0.0001) ( Table 2 ). Among never smokers, for example, the prevalence of any periodontitis was 13.1%, while this rises to 19.3% in former smokers, and 34.5% in current smokers (Table 1) . Among participants with no periodontitis, 61.5% were never-smokers, 26.5% were former smokers, and 12.0% were current smokers. This distribution is similar to that of the mild periodontitis category (53.6%, 23.8%, and 22.6%. respectively). This suggested that mild cases of periodontitis identified by the algorithm may reflect periodontally healthy individuals who are misclassified as having periodontal disease. This observation is supported by a recent update on the prevalence of periodontitis in 2015 by Eke et al. using NHANES 2009 to 2012 data. 17 
F I G U R E 1 Data reduction diagram
These investigators, who used the same periodontal classification algorithm, concluded that, "These subgroups are not truly ordinal as the label suggests, because many of the moderate cases had insufficient probing depth to qualify as mild, and therefore they have been combined with the label other periodontitis." 17 Previous literature affirms that this analytic step was necessary because slightly different case definitions used to classify NHANES participants into PD categories produced dramatically different results. 22 Finally, since the current analysis was performed on a subgroup of respondents (former smokers), the classification decisions were based on this subanalysis.
Current smokers accounted for 28.2% of participants with moderate periodontitis and 37.5% of participants with severe periodontitis, which are higher than the 12.0% and 22.6% found amongst participants with no and mild periodontitis, respectively (Table 1) . Thus, we limited categorizing the outcome of periodontitis to participants classified by the algorithm as having moderate or severe periodontitis. Participants determined by the algorithm as having no or mild periodontitis were recategorized as no periodontitis. Subsequent descriptive analysis used this classification ( Table 2) .
As presented in Table 2 , sex was associated with periodontal status (P < 0.0001), and participants with periodontal disease were more likely to be men (24.9% versus 12.3%). Race, marital status, and poverty level were also associated with periodontal status (P < 0.0001). Amongst all the racial and marital classes, black (29.8%) and formerly married (25.9%) respondents had the highest proportions of moderate or severe periodontitis. This level of periodontal disease was also observed among a total of 29.1% and 26.8% of those at <100% and 100% to 199% of the federal poverty level, respectively.
In a preliminary analysis, age and time since quitting among former smokers was associated with the outcome of periodontitis (data not shown). The mean age of the entire sample was 51.82 years, with participants with moderate or severe periodontitis reporting an older age than participants with no or mild periodontitis (56.15 years versus 50.45 years, P < 0.0001). However, among both former and current smokers, the mean age of starting smoking was not significantly different with respect to periodontal status (no or mild periodontitis mean age started smoking 18.22 years versus moderate or severe 18.70 years, P = 0.1329). Time since quitting was on average 1 year longer among participants with no or mild periodontitis compared with participants with moderate or severe periodontitis (19.09 years versus 18.11 years), but this difference was not significant (P = 0.39).
Multiple regression model analysis
We subsequently analyzed the association between time since quitting smoking and the periodontal condition among former smokers. Table 3 presents the results of analytic models.
In the unadjusted analysis, time since quitting was statistically significantly protective against periodontal disease Data in table represent total sample (n = 7,088), except for time since quit (years) which is drawn from former smokers only (n = 1,773).
F I G U R E 2 Periodontal status by smoking status in NHANES
2009 to 2012. Distribution of smoking categories did not differ between the no and mild periodontitis groups (*) or between moderate and severe periodontitis groups (**). However, the distribution of smoking categories in the no or mild periodontitis groups were significantly different from the distribution in the moderate and severe periodontitis groups (see also Table 2) having quit smoking was associated with an additional 2.5% to 5.2% reduction in the odds of having periodontitis. We also showed a dose-response relationship when expressing time since quitting smoking as a categorical variable by 10-year intervals from <10 years to >30 years ( Table 3 ). The longer time since quitting smoking, the less was the likelihood of developing periodontal disease. Time since quitting smoking remained significantly protective in both reduced and fully adjusted models.
DISCUSSION
In bivariate analysis of two merged data sets from 2009 to 2010 and 2011 to 2012 NHANES surveys, smoking status was associated with periodontal status. Subjects with periodontitis were more likely to be smokers, and the rates of periodontitis were highest in smokers and lowest in non-smokers. Among former smokers, time since quitting was found to be statistically significantly protective against periodontal disease after adjustment for a range of important confounders.
The findings from the present study are consistent with the prior observation that smoking is a risk factor for periodontal disease. 13 An early 2003 analysis of the 1988 to 1994 NHANES III data found that the strongest risk factor for periodontal loss of attachment (of >3 mm) was smoking. 23 Other risk factors found in that analysis were race, sex, diabetes status, age, and time since last dental appointment. 23 In a different study of smoking and periodontal health, the authors found that "poorer levels of periodontal health and smoking remained even after accounting for age, sex, race, oral hygiene, socioeconomic status, and frequency of daily tooth-brushing variables." 24 A 2015 analysis of the European Prospective Investigation into Cancer and Nutrition (EPIC) -Potsdam data found that smoking was associated with greater incidence and prevalence of tooth loss at follow-up, and that "smoking cessation was consistently associated with a reduction in tooth loss risk, with the risk of tooth loss approaching that of never smokers after ≈10 to 20 years of cessation". 25 This analysis reported here from 2009 to 2012 data investigating the effects of time since quitting smoking on periodontal disease has the limitation that it is a cross-sectional study and cannot elucidate temporality. However, it has the capacity to assess some of the Bradford Hill criteria for causation (strength, consistency, dose-response, biologic plausibility). Here, requiring the presence of oral examinations reduced the data to nearly half of the original data set, and may have introduced selection bias. 26 Inaccuracies have been noted with NHANES case definitions of periodontitis, so there may have been misclassifications. 22 Nevertheless, within these limitations, our results are consistent with and confirm established evidence of negative effects of smoking on periodontal disease in an expanded and new data set. In addition, our study provides strong cross-sectional evidence that cessation of smoking (and use of other tobacco products) may reduce the odds of having periodontal disease.
The public health implications of these findings are profound. As dentistry seeks to study and reveal effective treatments for chronic periodontitis, an important effective treatment would include tobacco use cessation. Although, public health literature has provided excellent evidence for optimal tobacco use cessation programs, 27 unfortunately dental professionals in general have low expertise at providing counseling for tobacco use cessation, and this knowledge is not well addressed in dental education. 28 A recent study found that dental offices typically do not make available nicotine gum, patches, or staff tobacco use cessation experts. 28 These findings, along with the more recent findings in the systematic review of effects of quitting smoking 29 mentioned previously, suggest there is a need to prioritize development of tobacco use cessation capabilities in dental practice as a "first-line" treatment for periodontitis.
Nonetheless, it is clear from these findings that practitioners will be much more likely to achieve success when treating periodontitis if they first help the patients quit tobacco use. The optimal method to implement tobacco use cessation programs in primary care dentistry is unknown, and this lack of knowledge appears to represent a barrier to universal implementation. Interestingly, in this context, in 2015 a dental group in Germany enrolled their chronic periodontitis patients in a smoking cessation program, and found success rates of smoking cessation similar to that observed in other studies. 30 Future research studies with designs similar to the German study 30 are necessary to fill this knowledge gap.
Although there are beneficial oral health effects to quitting tobacco use, it is not clear why tobacco use cessation programs have not been universally implemented in dental offices. Further research is needed to understand this issue. 31 The last position paper from the AAP on tobacco use and the periodontal patient was published in 1999. It was then stated that dental health professionals "should advise patients of tobacco's negative health effects as well as the benefits of quitting tobacco," and should offer tobacco use cessation counseling. 32 Based on current evidence, including our present results, an updated position paper should justifiably contain stronger recommendations than those presented in 1999. Cessation of tobacco use should now be considered an integral part of the treatment for periodontitis and tobacco use cessation should be part of the armamentarium of every dental office. Modern guidelines that prioritize tobacco use cessation as first-line periodontal disease treatment are now supported by evidence in the literature.
CONCLUSIONS
The rates of periodontitis were highest in current smokers, lower in former smokers, and lowest in never smokers in the NHANES 2012 data set. Among former smokers, longer time since quitting was associated with a lower likelihood of periodontitis.
